Purpose: To investigate the hemodynamic risk factors for necrotizing enterocolitis (NEC), we analyzed the characteristics of descending aorta (DA) blood flow in pre term neonates, who later developed NEC. Methods: This was an observational casecontrol study on 53 preterm neonates at a tertiary referral center. Clinical and echocardiographic data were collected from 23 pre term neonates with NEC (NEC group), and compared with those of 30 preterm neonates without NEC (control group). Echocardiography was done at a median (inter quartile range) of 5 (39) days after birth and 2 (12.5) days before the diagnosis of NEC. Results: Basic clinical characteristics including gestational age, birth weight, Apgar score, breast feeding status, use of umbilical catheters, and mode of invasive ventilator care were similar between the groups. Compared with the control group, the lowest diastolic velocity of DA was significantly decreased, whereas the diastolic re verse flow and the ratio of diastolic reverse to systolic forward flows were significantly increased in the NEC group. In addition, the resistive index (RI) of DA was significantly increased in the NEC group and showed a positive association with the development of NEC. Multivariate logistic regression analysis showed that increasing RI of DA was an independent risk factor for the development of NEC (P=0.008). Conclusion: Significant changes in DA flow characteristics including decreased dia stolic velocity and increased diastolic reverse flow along with increased peripheral vascular resistance were observed before the development of NEC in preterm neonates. These findings may help clinicians stratify in advance neonates at a risk of develop ing NEC and may help improve outcomes in these neonates.
INTRODUCTION
Necrotizing enterocolitis (NEC) is an important cause of morbidities and mortality in preterm neonates. Owing to the multifactorial etiology of NEC and an unclear diagnosis, proper timely management is sometimes delayed, leading to surgical intervention and associated complications, with mortality in most of the severe cases 13) . Given that the development of NEC is unexpected, its progression is rapid, and the condition is asso ciated with poor outcomes, it is important to stratify in advance those high risk neonates who may have NEC.
Of the several risk factors attributed to the development of NEC, current studies are focusing on the potential role of gut ischemia and injury with subsequent inflammatory reactions of the intestinal wall 48) . Furthermore, ischemia has been sug gested as an important factor in the development of "fulminant" NEC 5, 9) . In this regard, the blood flow patterns of the superior mesenteric artery (SMA) were previously studied using non invasive ultrasound methods to investigate their associations with the development of NEC in preterm neonates 1013) . The studies showed that an increased resistance pattern of blood flow velocity in the SMA was an independent risk factor for the developing NEC. On the other hand, for term infants with con geni tal heart diseases, an altered flow pattern of the des cend ing aorta (DA) was associated with the development of NEC 14, 15) . However, the descending aorta blood flow (DABF) characteris tics have not been studied in preterm neonates with NEC.
In this study, we aimed to analyze the characteristics of DABF by echocardiographic spectral Doppler imaging in preterm neonates with NEC, and to compare the findings with those of pre term neonates without NEC as a control group. We hypothe sized that altered blood flow characteristics of the DA may have an influence on the splanchnic circulation, thereby affec ting the development of NEC in preterm neonates, and that early detection of such altered blood flow characteristics may help clinicians stratify in advance those preterm neonates at a risk of developing NEC. MATERIALS AND METHODS and echocardiographic hemodynamic data were collected from our institutional database, and compared between the NEC and control groups. The NEC group was further classified into three subgroups according to the NEC stages, and echocardiographic hemodynamic data were compared among the subgroups.
Study design

Echocardiographic hemodynamic assessment
Echocardiographic hemodynamic assessments were done by an experienced pediatric cardiologist according to the protocol of our pediatric cardiology program, and all images were checked for appropriate quality required for analyses by an experienced consultant pediatric cardiologist, as previously reported 17) . In Descending aorta blood flow and diastolic reverse flow were calculated using the velocity time integral of the systolic forward flow and diastolic reverse flow, respectively (dotted lines). A resistive index (RI) was calculated from peak systolic velocity and lowest diastolic velocity. RI=(peak systolic velocity-lowest diastolic velocity)/peak systolic velocity. 
Echocardiographic hemodynamic characteristics
The echocardiographic hemodynamic characteristics of each group are summarized in Table 2 . Compared with the control group, the NEC group had significantly decreased Doppler diastolic velocity, and significantly increased RI, diastolic reverse flow of the DA and the ratio of diastolic reverse flow of the DA to the DABF. Other parameters including blood pressure, LVEF, LVFS, and peak systolic velocity of the DA were similar between the groups. The incidence of ductus arteriosus, its diameter, left atrium to aortic ratio, and incidence of HSDA were also similar between the groups.
The subgroup analysis in the NEC group according to the NEC stages showed significant differences in the peak systolic velo city, lowest diastolic velocity, RI, DABF, diastolic reverse flow of the DA and the ratio of diastolic reverse flow of the DA to DABF among the subgroups (Table 3 ). The higher the NEC stage, the more significant decrease in the peak systolic velocity, lowest diastolic velocity and DABF, whereas more significant increase in the RI, diastolic reverse flow of DA, and the ratio of diastolic reverse flow of DA to DABF were noted. The proportions of pati ents with HSDA were similar among NEC subgroups.
To identify the risk factors for the development of NEC, logistic regression analyses were done for echocardiographic hemo dynamic parameters (Table 4) . In univariate analysis, the lowest diastolic velocity of the DA, RI, diastolic reverse flow of the DA and the ratio of diastolic reverse flow of the DA to the DABF were associated with the development of NEC. In multivariate analy sis, the increasing RI of DA flow was an independent risk factor for development of NEC (P=0.008).
DISCUSSION
The key finding of this study was that altered blood flow cha . Hashem et al. 10) reported that septic neonates with NEC had a significantly lower peak systolic velocity and a lower enddiastolic velocity in the SMA than septic neonates without clinical signs of NEC.
Statistical analysis
RESULTS
Basic clinical characteristics
Murdoch et al. 11) reported that neonates with high resistance patterns (high pulsatility index) of blood flow velocity in the SMA on the first day of life are at an increased risk of developing NEC. flow Doppler velocimetry of the SMA could be a useful tool for diagnosing and predicting NEC 10, 12) .
For assessing the splanchnic circulation, Doppler flow charac teristics of the DA in preterm neonates with NEC have not been reported. Only a few studies in term neonates with congenital heart disease showed that decreased peak systolic forward velocity and persistent diastolic flow reversal in the abdominal aorta were associated with an increased risk of NEC 14, 15) . In this In our study, decreased diastolic velocity and increased re verse flow and RI, indicating decreased perfusion to the lower body including the splanchnic circulation, were associated with the development of NEC in preterm neonates. These findings were consistent with those of previous studies on the DA flow in NEC patients with congenital heart disease 14, 15) . In addition, our study results further support the proposed pathophysiology of NEC development, in which gut ischemia and injury with subsequent inflammatory reactions of the intestinal wall may play an impor tant role 47) . A decreased net forward flow along with an increased reverse flow of the DA (diastolic steal phenomenon) may be associated with multiple factors. A diastolic steal through a patent ductus arteriosus can cause significant diasto lic reverse flow in the DA and may the compromise splanchnic circulation 19, 20) .
However, in this study, there was no difference in the presence of HSDA between the NEC and control groups, indicating that other factors may play roles in causing diastolic reverse flow of the DA. Our previous study on neonates with hypoxic ischemic encephalopathy showed that substantial diastolic reverse flow was observed in the absence of patent ductus arteriosus 17) . Pre ferential cerebral redistribution of cardiac output and increased peripheral resistance may explain the diastolic reverse flow and decreased blood flow to the DA 17, 18) . The significantly increased RI, a surrogate of peripheral vascular resistance, in the NEC group further supports the theory, although cerebral blood flow was not assessed in this study 21) . Furthermore, the subgroup analysis of neonates with NEC according to NEC stages showed significant differences in the values of RI and diastolic reverse flow among the subgroups: the higher the NEC stage, the higher the increase in RI and diastolic reverse flow.
The strength of our study was that the hemodynamic para meters of NEC neonates were compared with those of a gesta tional agematched control group. Concerning the basic clinical characteristics of the study population, there were no significant differences between the NEC and control groups in terms of ges Nevertheless, we envisage that a blood flow study in the DA is easier and more feasible than that in the SMA in preterm babies, and can be a useful tool for stratifying in advance those neonates at a risk of developing NEC.
In preterm neonates with NEC, significant changes in the DABF characteristics were observed before the development 
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